Abstract-After administration of 11-imipramine, H3-dimetacrine and S35-chlor promazine by the direct lateral intraventricular injection, synaptosomes-rich fraction (F-B) was isolated from rat cerebral cortex by differential and 3-stepwise density gradient centrifugation.
Reports (1-3) on the subcellular fractionation of brain tissue outlined the isolation of pinched-off nerve endings or synaptosomes, and it has been demonstrated that the bound form of putative central transmitters (acetylcholine, noradrenaline, 5-hydroxytryptamine and dopamine) and the enzymes related to those transmitters are highly concentrated in the synaptosomal fraction. Compartmentation of certain of these components within synaptic regions has been observed by density gradient centrifugation (4, 5) , electron microscopic autoradiography (6, 7) and immunohistochemistry (8, 9) . On the nerve transmission, Whittaker (10) and De Robertis (11) reported the physiological significances of the ultra structural components of synaptic regions (i.e., synaptic vesicles, synaptic membranes and junctional complexes). These findings suggest that in order to study the mode of action of drugs and toxins on the central nervous system, ultrastructural distribution in subcellular organelles of synaptic regions should be demonstrated in detail.
In previous experiments (12), we found that dimetacrine, an tricyclic compound with a hexagonal ring instead of the heptagonal ring common to most antidepressants, was highly concentrated in the synaptic areas. Furthermore, the results obtained by 5-stepwise density gradient centrifugation suggested that dimetacrine was specifically bound to the synaptic membranes.
The present work was an attempt to determine the distribution of H3 imipramine and S35-chlorpromazine within synaptic areas by density gradient centrifugation.
In addition, the binding capacity of FI-imipramine, 1-13-dimetacrine and S35-chlorpromazine to synaptic membranes is discussed.
MATERIALS AND METHODS

Radioactive drugs
Labeled imipramine with a specific activity of 12.6 ; iCi /mg was prepared according to the method of Kawazoe and Ohnishi (13) using tritium water as the labeled precursor.
Preparation of H3-dimetacrine (specific activity, 22.0 pCi!mg) was as reported previously (12) . S15-Chlorpromazine (specific activity, 12.0 was purchased from Radio i.e., F-A (myelin fragments-rich), F-B (synaptosomes-rich) and F-C (mitochondria-rich) fraction.
Su(hsynaptosonral f •actions:
The separated F-B fraction from crude mitochondrial fraction was diluted with equal volumes of water and centrifuged aat 100,000 g for 30 min.
The resultant pellet was disrupted by suspension in water (3 ml;'g of original tissue) followed by freezing and thawing once or 15 times. Suspension of disrupted materials was applied to a 5-stepwise density gradient (1.2, 1.0, 0.8. 0.0 and 0.4 M. Sucrose) and centrifuged at 53,500 g for 2 hr. After centrifugation, the tube contents were separated by a tube slicer.
Analytical methods
Protein determination: Protein was determined by the method of Lowry et al. (15), using crystalline bovine serum albumin as a standard.
Counting: An aliquot of each of the fractions (0.2--0.5 ml) was added to counting vials containing 10 nil of tT-21 emulsion phosphor (16) , and radioactivity was counted in a Aloka LSC 651 liquid scintillation counter. Recorded counts were corrected to IOV/ efficiency using an channel ratio method. Counting efficiency of H3 and S35 radioactivity was approx.
Electron microscopy
Subfractions obtained by density gradient centrifugation were fixed in 4 % glutaralde hyde for 2 hr. The samples were postfixed for 1.5 hr in 1.5 % osmium tetroxide, dehydrated in graded ethanols, embedded in Epoxy resin of Luft (17) and examined under a Hitachi HU-12A electron microscope (100 kV). The details of preparation were as reported previously (12) .
RESULTS
Morphological examination of siibfractions
To isolate the subcellular organelles present within synaptic regions, the F-B fraction was disrupted by hyposmotic-lysis followed by freezing and thawing once or 15 times and fractionated into the subsynaptosomal fractions by 5-stepwise sucrose density gradient centrifugation.
The appearance of density gradient tubes before and after centrifugation and the nomenclature of fractions are shown in Fig. 1 . On the treatment of freezing and thawing once, the F-B fraction was separated into 4 interphase layers and pellet. However, on the freezing and thawing 15 times, only pellet (FD-6) fraction was obtained. On the other hand, for the Wd fraction, the synaptic ghost membranes were located in the FD-6 fraction. In addition, this fraction also contained the synaptic vesicles and damaged synaptosomes (see Fig. 4 ).
Full detailed morphological information on the subfractions of F-1 to F-6 was reported previously (12) .
Distribution of total radioactivity in Subs}'iiaptosoiiial ,fractlolns
In the subfractions prepared from the crude mitochondrial fraction of rat cerebral cortex, H3-imipramine and S35-chlorpromazine were consistently noted in the highest con centration in the synaptosomes-rich fraction (H3-imipramine; 59.70,,' , S35-chlorpromazine;
55.9%).
To determine the distribution of these drugs in the ultrastructural components of synaptic regions, i.e., soluble protein, synaptic vesicles, intraterminal mitochondria and synaptic membranes, F-B fraction was treated by hyposmotic-lysis followed by freezing and thawing once and subfractionated by 5-stepwise sucrose density gradient centrifugation.
Total recovery of protein and radioactivity from the gradient were approx. 96%.
As shown in Table 1 , in the case of each drug, the larger proportion of radioactivity (H3-imipramine; 57.9 %, S35-chlorpromazine; 57.1 %) was recovered in the synaptic mem branes-rich fractions, F-4 and F-5, while the synaptic vesicles-rich fractions, F-2 and F-3, contained less radioactivity.
Release of r•adioaetivity fr°onr the synaptosomral fraction
On the disrupting process of F-B fraction, when the F-B fraction was treated by hyposmotic-lysis followed by freezing and thawing 15 times, only pellet (FD-6 fraction)
was obtained as compared with freezing and thawing once (4 bands were obtained). Mor phological observations showed that synaptic ghost membranes and synaptic vesicles were present in the FD-6 fraction. Total recovery of protein and radioactivity from the gradient was both about 96 %.
As shown in Table 2 , when H3-imipramine was administered, the larger portion of Rats were sacrificed 1 hr after lateral intraventricular injection of radioactive drugs. The F-B fraction was treated by hyposmotic-lysis followed by freezing and thawing once, and fractionated by 5-stepwise density gradient. Values for protein and radioactivity are the mean of three experiments. See Fig. I for description of fractions. Rats were sacrificed 1 hr after lateral intraventricular injection of radioactive drugs. The F-B fraction was disrupted by hyposmotic-lysis followed by freezing ad thawing 15 times, and fractionated by 5-stepwise density gradient.
Results are expressed as percentage of gradient. Values of protein and radio activity are the mean of three experiments. See Fig. I for description of fractions. The percentage of released radioactivity is expressed as the radioactivity of FD-1 fraction minus F-1 fraction. a, Total radioactivity occurred in the FD-I fraction, which was obtained by freezing and thawing 15 times: b, Total radioactivity occurred in the F-1 fraction, which was obtained by freezing and thawing once. *Data from the previous experiments (12) . radioactivity (88.5 %) was recovered in the FD I fraction (soluble protein-rich fraction) and the FD-6 fraction contained less radioactivity. However, with the administration of H3 dimetacrine and S35-chlorpromazine, the highest value in total radioactivity was located in the FD-6 fraction, 83.5 and 65.8 °o, respectively.
Since the protein contents of FD-1 fractions were similar to those of the F-1 fractions, release of drugs from the synaptosomal fraction was expressed as the radioactivity of FD-1 fraction minus F-1 fraction. Table 3 indicates the percentage of the released radioactivity from the F-B fraction. A 74.1 % release of imipramine occurred, while with dimetacrine and chlorpromazine the values were 3.9 and 11.3°0, respectively. These results suggest that imipramine may be more loosely bound to synaptosomes.
DISCUSSION
Studies on the subcellular distribution of mescaline revealed that the largest amount of this compound was found in the synaptosomal fraction (18) . Koenig (19) reported that S35-chlorpromazine and neutral red occurred in the highest concentration in the synaptosomal fraction. In in vitro studies (20) , it was demonstrated that H3-imipramine was specifically bound to synaptosomes. However, to our knowledge the subsynaptosomal distribution of psychotropic drugs has not been documented in detail.
To determine whether total radioactivity was a valid measure of H3-imipramine, H3 dimetaerine and S35-chlorpromazine, radioactive component of rat cerebral cortex was extracted and subjected to thin layer chromatography according to the methods of Dingell et al. (21) , Schatz et al. (22) and Salzman and Brodie (23) , respectively. A chromatoscanner was used to determine the distribution of radioactivity on chromatograms.
With the three drugs, most of the radioactivity in the cerebral cortex had the same Rf values as the internal standard compounds, thus, it is plausible that total radioactivity represents the subcellular distribution of these drugs. In a preliminary experiment, we used heavy water as the labeled precursor and found that about three protons of the aromatic ring were substituted for deuterium. From this observation, it was assumed that the labeled position of tritium was also the aromatic ring.
On the subcellular distribution studies of H3-imipramine, Hunt et al. (20) pointed out that at each stage of separation, the low affinity complex dissociated and the compound was redistributed throughout the membrane-rich fraction. However, we found that for the subcellular distribution of I13-dimetacrine, the results obtained by density gradient centrifugation (12) and electron microscopic autoradiography (24) were in good agreement.
Therefore, we used the density gradient centrifugation method as a tool for studying the subsynaptosomal distribution of F41-imipramine and S:15-chlorpromazine.
When the isolated F-B fraction was treated by hyposmotic-lysis followed by freezing and thawing once, a larger portion of l-l1-imipramine and SI -chlorpromazine was recovered in the synaptic ghost membranes-rich fraction, as well as H3-dimetacrine (12 Reports on kinetic studies on H3-imipramine, H3-dimetacrine and S15-chlorpromazine binding to synaptosomes are now in preparation.
Additionally, for the distribution of H3-dimetacrine, we found that the expression of biochemical results (12) as the percentage of total radioactivity was in good agreement with the histochemical results (24) , and thus the same expression was also herein.
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